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Abstract

The aim of the present study was to clucidate gender differences of muscle contractile properties
using the mechanomyogram (MMG) and electromyogram (EMG) during voluntary isometric ramp
contractions of biceps brachii muscles. Gender difference between 10 young females (age: 21.2+1.0
years) and young males (23.6%2.0) in the root mean squared amplitude of the MMG (RMSyws) was
maintained even when values were expressed relative to muscle cross-sectional area (CSA), however there
was no significant gender difference in the RMS;o/CSA. The RMSuw¢ increased with force development
up to 69% MVC, then decreased in both groups, although changes were smaller in the female group than in
the male group. These findings suggest that these gender differences in the MMG/force relationship
during ramp contraction are not only due to the effect of the subcutaneous tissues, but also the difference of

MU activation strategy.

1. [FLBHIC

B K7 (Maximal Voluntary Contraction: MVC) (3—fRIZHEZENBREF THD L INHN, £D
BERL L TELOEBEOENHERIN TV D, @k (1990) 32029 DK/ B okiktbr, HE&
92.2%, fA&E76.1%, BMI (Body Mass Index) 89.6%. BRISAFAET2% & HEL T35, L0
HoMZECEET S ERBDN S HB mE (Cross-sectional Area: CSA) (Z-2W Tid,
Kanehisa (1994) 0 L6 T &b i BIE63. 2%, KBRIZS2. 5% Th % L BN b5, HATKERD
720 O AL, Miller(1992) 1319-31mE DCSAH 72V DI O/ BHIIFEEERLE L TND—
77°C. Nygaard (1983) i3 ERERH /12 DWW TIZCSAH 72 D THLERMEDHF R WL LTH Y | HRH
ICEDBOREBENREVEHEERIND, LL, HOBENREETHIER-BREROD
PIE (electro-mechanical delay) (I &ZMHICHETH D Z LB EINTE Y (Bell and Jacobs,
1986) . FRULABHERE DYEZEIITHRERM R ZEITM 2, BREMRERZRMLTWD LE X BN D,

E AT, BIGE#EOEB/MFMAIEL LT, BE, HE (Mechanomyogram : MMG) 7%
FEEEN T3, MMGIZIEEBRTRMEDRIA ICIREN T 2RO EFE ZE&E L 72 b O T, HERAIE X
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NTE7HEX (Electromyogram : EMG) MR DEXANEE 2 KBS 2Dk L, MMGIERHO
BRETEBARRT DL EZ N TS, EMGEMMGA AT 2 Z L 12 X 0 3EM 72 5 O UUHE Bk
KEBETHENFARELRY, THETITH/E (Nonaka et al. 2000) C@&mEHE (Akataki et
al. 2002), fHABAE (Akataki et al. 1996) (Z DWW TEHE SN TER Y, FHHERED H - 7054l ik
ELTHSILDDH D, HZEIT OV TIE, Evetovich® (1998) 23, OBEMAYIZ B IZ M2 1358
HBRARVEREL TS, LaL, DT 3EOARLMANTHRNWAR Y, RIS h
TUWpuY,

T IZT AMETIE, 7 7 AFIERE U 7= i B S i B O ULHE TR/ (2 5 MMG, EMGODZ
(Lo, b ZEAR OUNFEBSREOMZ A FEMICRFT T2 2 L2 B/ E LT,

2. Ak

[(HRRE]

BWREITRF A ZEL0S (FER2l. 2108 : THHERERE), ERABH IS (B
23.6%2.05%) Tholz, £B. BECHRHEBOBREILLhrot, o, HRESBICHL
THEAMCHUEFIEOHB 2TV, REFELG, BFREOHYRITLML55.426.3cm, Bk
173.0%6. Tem, (KEIILM49. 9+5. kg, H1463.9+4. 0kg T, HE - FEL LICHERBLEN
H ol

[FIE]

WERE (IRFIENL Th LR & I BAERO0BE BT, EREIX T A #ERE, FEIX L —FCEELT
REEDLICAEIZBE (B1), HREXBATOMNBEEHE 25 2 WRATR->, ERHHAIMVC
F3EDOFEITOT TORKREEZRA Lz, KIZ, HREIMVCETIHEINTLY—F v M
BT D, 7 TARMCL 2 EREMBEEEI T2 -7z, ¥—% v MIFREORTEIZEI N
2T 4 AT A L2, 5%MVC% 3FRIHMERF L7, 5 %75 580%MVCE T10%MVC/# D
ETERICHENT 5 L D CHE Sz, HHDEEICa  Ea— Y BEICET SN, #R
BEORERT 4 — KRy 7 24T o1,

(Gegk]

ATBAERIEE F113, HBRE D FEOMBIZR Y T 72EAY — (30K-2 ; AADY AT L) 12k
DREL, NMEBIXA ML AT 7 (CDV-700A ; tFnE¥) THIEL7-, MMGII BB 58
5 BE A TR BUS B DC A B 150Hz DI R R BB £ > 4 — (MP101-10; A5 1 &>
A 9mmx Omm, EE 5mm, HS0.75g) #EAE L TREMICEH L=, EHINEEIL5H:
MBI00H2 DN FARZA T 4N T — %N L CEKRBERAT 7 (AB-621G : BANE) THIEL
2o EMGITRIGFHEE ¢ Lt “HAMME L CIEEH 283 L 5 ICEBLZ LY . RERE L L&
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Fig.1 Experimental apparatus for measuring the mechanomyogram and electromyogram during isometric ramp

contractions of biceps brachii muscles.

HLz, EMGIZE L — %3 & D L 5B L2 2OFAEEBRIZL > THIRFEEL, 5HD
INAIRRT 4NV —ZNE LT8R (AB-621G : AARNXE) L > THEIG L, HEigEXh /-5
BliwoAT—4% 1 =2—4 (RD-111T, TEAC) {ZHY A, 5000Hz CH 7Y 7L, T4

TENT—ZIIEW LT,

KERsy: 2l
7 TRMICEHDMMG, EMGIEED X O, EFES TRVESOBTICIIERM 77—V =
AT EN TH D & D (Akataki et al, 2001), FERFRH 7 — U =BT Tk, 7— U = EHiC—
EOREIE % FFOBBABE MY 5 2 & THEZRY MAREOLND, AHIETIR.6HOR X
DET AL N0 3ON Y AEEEE AT IEIZY 7 &8, T —RAX7 ML EBTE,
MMG & EMG DRI I F L ZE N D R EHEDFFHR (root mean square) A B L7z, HatE
X, —tBCEDANOVAZ AV TIMEREIC L 2 R ERFT LTz, AEKEIZS% & LTz,

3. #8
B BRSO R KA SIIMVCIEE M X B 56, 3%, FHMTEFECSAIES6. 1% Th-7- (F), =
DETHAMNCEE TH o7 (p<0.05), MVCEZCSATIERLT B &, MEELALNRRL 5T,

B 2 [ IMMGHR 18 ORMSHE (RMSyue) X CEMGHEIE ORMSHE (RMS.yo) & §5 71 & OBMR A B 7= b
DTHH, TKHEDRMSyold, 1ZLAEDFHNEHICENTEHEL Y b HABEITEWELRLZO
125t L (P<0.05) . RMSiyol3H BT 525 72 (p<0.05),,
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Table Maximal voluntary contraction (MVC) and muscle cross—sectional area (CSA)

Female (N=10) Male (N=9)
MVC (Nm) 34.2+72 60.8+5.5 *
CSA (cm?) 46+09 8.2+0.8 *
MVC/CSA (Nm/cm?) 174823 7.5+0.7 ns

Data are mean =+ SD.
* Significant difference between groups (p<0.05)

ns: not significant.

MMG EMG
0.50 1.25
Female
------- Male ?
0.40 |- 1.00 o
% s -
k] E
E o030 } 2 075
© =
° =
=2 2
=
E 020 [ o 050
o z
b=
ey
010 | | & 0.25
0.00 L L 1 1 0.00
0 10 20 30 40 50 0 10 20 30 40 50

Absolute force (Nm)

Fig.2 Inter-individual means and standard deviations (vertical line) of the root mean squared amplitude of the MMG

and EMG as a function of the absolute torque.

B3I/ MEEZCSATEHRIILEDORMSume XK FRMSpue & T DR Z R L T D,
RMSuyo/CSAIZ2. ANm/cm? D L ~UL LI A N B BATAR < 72 D (p<0.05) . UXHETREE |2 F M2
MEE Lo, —J . RMSau/CSAIZHEZEIIA LN - T,

RMS e % B K5 711254 S FxHE (%MVC) OBRZ R L7004 TH D, RMSIEIX, £h
FRORKREL 1L L THRL L., EHOIHERE 5T 2IRIBOE(L Y — BB LT,
(@) T &tk & B, (b) X, Akataki® (2001) D BMEE#GE CFHEHHE9. 814, TH) DOFHE
EHALTCHELEZLOTHD, BIEE %MVCOBER TIE, B TIE25%MVC TR
HFoNLEDIR L, T TIHBEETIEIR -7z, iz, BMHIT60%MVCLARE, BREICHEHLYT5
EWEDR A LN DI L, BB TE ST DD, BHIZEBEERRBD Cildino
2. ML BEENE OB TIX, 45%MVCE TIHIER U/ — U AR LT, ZE60%MVCEL
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Fig.3 Inter-individual means and standard deviations (vertical line) of the root mean squared amplitude of the MMG

and EMG as function of the torque normalized by the CSA.

RERIEA L L7-DIoxt L, @l TRz A bnienofo, ki, IFEMREMEV RIS
EE & IHEREN S VITCIIMA B LB Lo "y = 2R LT,
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Fig4 Inter—individual means and standard deviations (vertical lines) of root mean squared amplitude normalized by

the CSA as a function of the percentage of the maximal voluntary contraction (%MVC).

(a) Female vs Male (b) Female vs Aged
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4. B

FATHIFE TiE. MMGIE B4 EE (Orizio 1993 ; Evetovich 1998) . & FASHIE (Evetovich
1998), #HAT 4 v 7 XA (Barry 1985 ; Dobrunz 1990) % #x ZRBERERIZ L > THEL LTS
IEBRESNTE L, KO LML, 55/ & OBR THIZRMS, 13 B L 0 HEIN
E<. RMSul3FRBICKEN o7z, ZOMET -BMNICIHERICLILOLEZLNS, L
Wi —EE A & TRE EAR TR B L 0 b A EICMVCIZEV Y, CSATESILT % & FilnzE
EARRICHEZEIT 72 < 72 % (Ikai and Fukunaga 1968 ; Kanehisa et al. 1994 ; Maughan et al. 1983),
AFFEIZB O THMVC/ICSADHEZEIZA SN h - T,

L2xL. CSAHT= D DEMGIRIBIIMEEIZH DN 7= DIZxt L, MMGIRIEIZCSASH 7= 1) T
MENBEETH o7, ZIUIMMGIRIBIIE TEHBIZL > THESR M E 2/ L, 3B
LY bRTRELENENZ LD, MMGIRIE~OREENKE M-~ LDEEZ N5, 8
JEDBLAZIIIMA T, IWHEFREIZFE ) MMGIRIE D BEAL /R Y — L RSB R TR D Z L, EE)
BOBERRIC LB L TERHLO TRV M EHEREINT,

Miller et al.(1993) 1%, LMt “SAR DR FHMHEEIT 58 2 EFHMAEFT (fast twitch fiber) DF
T %FTIE, BALMETE6.5%, BABIETST. 0% &, FBMEZ A TONTEICHEZILR N E LT
Who LrL, BYEOFTHMEM @EILEMBRHEST (slow twitch fiber) WFEFE L ¥ 4% K& VD

WX LT BMETIL9% LnEN 2 < BHIZ EFTHRAME & STRHEOMTFE DA BE TRV
EEHELTWD, BHIIHEELGRMEY A TIZL 2FBRBEEOEVLEH 5D T, FTHHME
PENR SN 530%MVCLIEMMGIRIEO BB A LNT-OICKH L, KMETREAESAR» -6 O
ERDOND, ELIZZOMMGIREDERIT, @A LTSERENESE LTWnb L Bbhbs, &
MagR L EIGHER ) £ 0 BFE IR E < EBHE(IMU (Motor Unit) DR KSEE L A4 5,
S L7 MR DA RS 2RO RIS TH 525, K13 B %I F -~ Ttwitch
contraction and relaxation time7’{& > (Belangar 1983) . & % \ i twitch/tetanus ratio 75 {& U
(O’Leary 1998) T &hh, EVEHBEE CRAEZEI LT, IUREBELZ LT TWHboLEX
b b,

72, 60%MVCLAE, MMGIRIBASBUD 5 DIk, BE LI ORI, IE8mEMEOR 5
~DOEOEDBBAOTDHLIL D, BHECBOTELVRIIERHLY LEVWL OO, BEMLERIL
£ IIZ60%MVCLLEDIRIEDR/D BB LN DiZxt L, @mlE TIIA bR hoTlz, Zid
FERE T, EHREORBIRMBERSH D70, EHREZEHE LTI ZED b1 Iz,
VDIN—=hA MNEfTHZETIRMEAEZ EIF WD EEZ LN TS (Akataki 2002), &t
d ERBRHEOBRR LI ERE LV I EEEHREICHELBL TO DA, EihE O X 5 IEmHR
MEDREIIE L TV 2202 381 L DMMGIRIEEDED B3 b L £ 2 bils,

IOEDIT, MMGIZA LN DHEZET, FTRHEOERENZERS, EEEA OB ERRA L KL
TEY ., HEBEOHEMZLOITIIMMGIZEN TH S Z L0 R I N,
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